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. GS2 and FULL benchmark: NCSX 1. GS2 and GENE benchmark: Tokamak WT7-AS Geometry Requires High 6 Resolution

o Lilectrostatic B(6) for W7AS, $=0.64, a=0, 0,=0 Drifts for for W7AS, $=0.64, =0, =0
The G52 gyrokinetic code is being used to study microinstabilities and turbulence in non- R 0.3 14 ‘ 0.1
axisymmetric flux-tube geometries. Non-axisymmetric systems, such as stellarators, have | 2.8 ’ —
a number of interesting features, like natural reversed magnetic shear and a large number °s =080 57 ! u lg o (\ (\
of shaping parameters. These offer possibilities for reducing microturbulence and improv- ea=(—q/0=7/3 _ ﬁ 0 N f
ing performance. The W7-AS and W7-X designs were partially optimized for neoclassical e fy=0 >= 0.2 3 0.3 o 261 ’ f " oo
transport, and significant comparisons have been made between experimental data and o — 2118 2.5 ;
neoclassical expectations. However, the turbulent transport has not been studied in detail. x> 01
We will present initial studies of gyrokinetic instabilities in W7-AS and W7-X equilibria. * < 3>=001% 0.1 0.2 , =4 | * 05 |
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Lr; = Lre ky scan for s — a geometry from GS2 (line) and GENE (crosses). Units are in ¢/ R,
where cg is the sound speed and R is the major radius B(O) for W7X, $=0.5, =0, 65=0 Drifts for for W7X, $=0.5, =0, 0,=0
Goal: to study of the effects of stellarator geometry on ® © Xuwhopolows i st Pop 15, 121 . ‘ ‘ - 3 —vean
gyrokinetic drift-wave turbulence 2 A
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VI. GS2 and GENE benchmark: NCSX B AREE
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e Conduct first 3D benchmark of GS2 with GENE, using NCSX geometry
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e Create viable simulation grids for GS2 of W7AS and W7X equilibria ~ T o 220 5 0 5 10 En 10
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o Modity GS2 trapped particle treatment to handle W7AS and W7X geometries K mg or e Adiabatic Electrons ov =0
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e Study the linear stability of W7AS and W7X plasmas T | | | | 7 ‘ ‘ ‘ ‘
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e Investigate nonlinear instabilities in stellarator geometry 10 _10[ ey NI ea=(—q/0=0 *L. T L.~
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e Reproduced benchmarks of GS2 with FULL using NCSX design QAS3-C82 . 0 o \ /
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e Studied the linear stability of the kinetic ballooning mode in QAS3-C82 Variation of growth rate with « Variation of growth rate with 6 First 3D GS2 and GENE benchmark successful \ /
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3D GS2 and FULL benchmark successful :j e No longer requires particles to reflect exactly at a 0 grid point (B(6) = 1/\)

GS2

- e Consistently treats all particles which reflect at some 6 grid point
o”0.13
= New: 6 and A grids allowed to be independent

e [s an initial-value gyrokinetic turbulence code which uses flux-tube geometry:. o1 \ panN /

: : : : Growth Rate vs. Kk p. Real Frequency vs. Kk p. o1 \ / —

e Uses Eulerian finite difference and spectral methods in real space and spectral methods (5x 10° v 20X 10° v y | | \ /

in velocity space. :SS’EL ° 0, " \ /

e Returns growth rates, real frequencies, heat and particle fluxes, and eigenfunctions. 15 | Maximum at kyp; =~ 1, agreement approximately as good as tokamak benchmark. o0 \ /
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F. Jenko et. al. Phys. Plasmas 7, 1904 (2000) ; | | | 05 e Allows for multiple totally-trapped particles at each 8 grid point.
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Creatlng Stellarator E(]UIllbrla for GS2 “P o 02 04 06 kP 08 1 1214 . Gene Thus, # and A = u/E grids can be independent.
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) maximum at higher kyp; Excellent agreement in frequency spectrum. Conclusions
e VMEC: calculates 3D MHD equilibrium e
e Benchmarked GS2 stellarator simulations with FULL
e TERPSICHORE: transforms to Boozer coordinates °

Eigenfunctions balloon about 8 = 0 e Observed that including 5BH is important for larger

o VVBAL: calculates field line data® Il. 0B Greatly Affects Growth Rate for Large Beta

o (GS2's rungridgen: creates equilibrium grid

e Benchmarked GS2 stellarator simulations with GENE
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~Reg o Created WT7AS and W7X geometry input for GS2
A
o GIST packages TERPSICHORE, VVBAL, and TRACER to create input grid files * 0B, = VAH x2#0 o8 o Improved GS2’s trapped particle treatment
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Example NCSX Geometry Input 23] 0 * Variation of ¢ with 6.
~ 0 | a3 f e Benchmark nonlinear results with other gyrokinetic codes
B(6) for QAS3-C82, 5=0.875, a=1v3, 8,=0 Drifts for QAS3-C82, $=0.875, a=TU3, §,=0 o o 5 .
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Lol - 0 ® e 8 z o©0?® , 00088 , e Compare WT7AS nonlinear fluxes to experimental values
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